This paper introduces a policy-making support tool called 'Micro-level Urbanecosystem Sustainability IndeX (MUSIX)'. The index serves as a sustainability assessment model that monitors six aspects of urban ecosystems À hydrology, ecology, pollution, location, design, and efficiency À based on parcel-scale indicators. This index is applied in a case study investigation in the Gold Coast City, Queensland, Australia. The outcomes reveal that there are major environmental problems caused by increased impervious surfaces from growing urban development in the study area. The findings suggest that increased impervious surfaces are linked to increased surface runoff, car dependency, transport-related pollution, poor public transport accessibility, and unsustainable built environment. This paper presents how the MUSIX outputs can be used to guide policy-making through the evaluation of existing policies.
Integrating urban ecosystem sustainability assessment into policy-making: insights from the Gold Coast City effects will be relatively natural. A sustainable urban ecosystem is defined by Newman and Jennings (2008, 108) as "ecosystems which are ethical, effective (healthy and equitable), zero-waste, self-regulating, resilient, self-renewing, flexible, psychologically-fulfilling and cooperative". To assess environmental performance, examine ecological limits and provide the long-term protection of environmental quality within an urban ecosystem, sustainability assessment is needed to be integrated into planning process. It aids planners and policy makers in formulating sustainable policies through monitoring environmental problems and their impacts on the natural environment (Yigitcanlar 2010) . As outlined by the UNEP (2004), sustainability assessment provides the following benefits:
Supporting sustainable development: The assessment results (1) highlight the economic, social, environmental opportunities and constraints; (2) organize the policy-and decision-making process by reducing the complexity of each stage, and; (3) help governments to reach proposed sustainability targets; Facilitating good governance and institution-building: The integrated assessment (1) promotes the transparency of the policy-and decision-making process; (2) helps build social consensus about its acceptability, and; (3) enhances coordination and collaboration between different government ministries and bodies; Saving time and money: The integrated assessment (1) strengthens the intersectoral policy coherence; (2) provides early warning of the potential problems, and; (3) minimizes environmental, social and health impacts, thereby reducing the costs required to remedy them; Enhancing participatory planning for sustainable communities: The integrated assessment (1) increases the awareness of governments and citizens on the significance of ecosystem functioning, and; (2) strengthens national commitment to sustainable development.
Although many approaches exist (Hardi et al. 1997; Ness et al. 2007; Singh et al. 2009; Srinivasan et al. 2011) , the research on employing different assessment tools and methodologies to help policy-and decision-making is still in progress. An example of the methodology for urban ecosystem sustainability assessment, which measures the interaction between human and ecosystem well-being, developed by the International Union for Conservation of Nature and Natural Resources consists of seven stages as follows (Guijt and Moiseev 2001): Determine the purpose of the sustainability assessment: In this step, the purpose and objectives of the assessment are clarified; Define the system and goals: The geographic area for the assessment is defined. A vision and goals for sustainable development are developed and recorded; Clarify dimensions, identify elements, and objectives: The dimensions, which will be used for measuring performance towards sustainable development are developed. Data collection and storage are carried out; Choose indicators and performance criteria: All selected indicators are explained in detail and the performance criteria for each indicator are justified; Gather data and map indicators: The indicator scores are calculated and the scores are mapped; Combine indicators and map the indices: The indicator scores are aggregated into an index through some methodological steps and the scores are mapped in order to explain the findings easily;
Review results and assess implications: This step involves the analysis of the results, causes, implications, and identification of the priorities for improvement. The results give a snapshot of the current situation and the findings help to determine the policies and actions.
The main objectives of this research are: (1) identify the environmental impacts of development on the urban ecosystem and its components; (2) develop a set of indicators to define the environmental pressures at micro-level spatial unit, and; (3) establish a parcel-scale composite index to evaluate the efficiency of implemented policies. In light of these objectives, the paper introduces a new sustainability assessment tool called 'Micro-level Urban-ecosystem Sustainability IndeX (MUSIX)'. In recent years, an increasing number of sustainability indicators/indices have been developed to evaluate environmental impacts at the macro-level from national to regional and international scales. However, these studies report multiple barriers in terms of micro-level spatial data availability in the indicator development process, which raised the issue of missing data treatments (Dizdaroglu 2015) . As stated by Alberti (2008, 102) , the smallest spatial unit produces information that varies from household/building to street/parcel-scales. These parcels then combine to create new functional units as suburbs/neighbourhoods which interact with regional/national-scales. In this context, MUSIX provides a methodological approach for identifying a set of parcel-scale indicators that can be used for monitoring the impacts of development on urban ecosystem components. In the case of Gold Coast City, MUSIX detects the sustainability performance of a residential area referring to six main issues of urban development À i.e., hydrology; ecology; pollution; location; design, and; efficiency. For each category, a set of core indicators is assigned in order to evaluate the progress towards sustainable development. While the indicators of the model provide specific information about the environmental problems in the area (e.g., irregular-shaped lots covered by large impervious surfaces, increased surface runoff, limited access to local services/amenities within walking distance, inadequate public transport services, lack of climate responsive landscape design), the composite index score produces a big picture view of the sustainability performance of the neighbourhood (e.g., loss of natural vegetation, stormwater management issues, auto-dependent pattern of development, transport-related pollution, consumption of non-renewable resources). In the light of the model findings, existing policies are evaluated to guide the preparation and assessment of development and local area plans in conjunction with the Gold Coast Planning Scheme, which establishes regulatory provisions to achieve sustainable development.
The paper is structured as follows. Following this introduction, Section 2 introduces salient characteristics of the case study area, planning policies of the local council, structure of the MUSIX. In light of the model findings, Section 3 presents the interpretation of the model results and evaluation of existing policies. Section 4 concludes the paper with useful insights from the application of the model.
Materials and methods

Case study area: the Gold Coast City
This study is part of a joint Australian Research Council project that aims to develop recommendations for the adaptation of current water sensitive urban design (WSUD) practices to climate change, changing urban form, and future transport systems. The Gold Coast City is chosen as the test bed for this project. The Gold Coast City is located on the Eastern coast of Australia in the South East of the State of Queensland. The city is a tourist attraction and vibrant economic hub covering an area of 1,334 km 2 . The city shows a linear development, which includes a high rise coastal strip surrounded with highways, canal estates, and low-density housing developments mixed with entertainment, employment, and retail activities (GCCC 2008) . The population of the city is approximately 546,067 and the population density is 4.09 persons per hectare. In order to ensure data and content integrity within the project, four pilot sites, as shown in Figure 1 , are selected for the implementation of MUSIX. In this paper, the findings of Site 4 are presented. Site 4 is a high-density residential area located in Upper Coomera, which is one of the rapidly growing suburbs located at the Northern end of the city, with a population of 21,136, including mostly low-income groups (ABS 2015) . Wetlands and sugar cane lands are located on the eastern boundary. On the west, the suburb is bounded by Brygon Creek which flows into the Coomera River and Hotham Creek. The suburb has an undulated topography that forms a steep valley to the West. This steeper land is a vegetated land that is threatened by potential future residential development. The suburb includes a popular theme park, Dreamworld, a major shopping centre, and a university campus, as well as being close to the Gold Coast railway line and the Pacific Motorway (GCCC 2012) . A general map of the area is shown in Figure 1 
Overview of the existing planning policies
The Gold Coast City confronts major environmental problems depending on population growth, rapid urbanization, and expanding transport infrastructure. These environmental pressures have significant impacts on coastal environments and water resources. According to the 'Our Living City Report' published by GCCC (2006) , some of these pressures include (1) local air pollution emissions from growing economic activity and vehicle use; (2) clearing and habitat destruction; (3) beach erosion due to foreshore development and unnecessary use for recreational purposes; (4) land degradation, particularly canal constructions; (5) increased urban development as well as a growing number of tourists, visitors, and day-trippers, and; (6) increased demand for clean and safe drinking water. The City Council responds to these challenges by developing strategies, plans, and programs that help to protect its ecosystems and support sustainable management of its resources under the Sustainable Planning Act 2009. This Act was introduced by the Queensland Government to assist state and local governments with achieving ecological sustainability in planning. Additionally, the Corporate Plan 2020 sets out key strategies towards city's vision under three themes, (1) the best place to live and visit; (2) prosperity built on a strong diverse economy, and; (3) people contribute to a strong community spirit (GCCC 2015a) . This plan is supported by other key documents, such as the Gold Coast Planning Scheme 2003. The planning scheme establishes regulatory provisions to achieve ecological sustainability through the formulation of place codes, development codes, constraint codes, and other assessment criteria that provide guidance for best practice development solutions (GCCC 2008) . The Draft City Plan 2015, which is city's new planning scheme in the final stages of the approval process, will replace the Gold Coast Planning Scheme 2003. Key aims include facilitating new housing, providing catalysts for jobs, key infrastructure connections, and protecting the environment from urban sprawl. In addition, this plan will help the city take full advantage of the significant opportunities ahead, including the Gold Coast 2018 Commonwealth Games, revitalization of key centres, such as the CBD (Central Business District) in Southport, and investment in transport infrastructure, such as light rail (GCCC 2015b).
The MUSIX model
The MUSIX model is constructed by the following steps.
Theoretical framework
The theoretical framework of the MUSIX is based on developing a sustainable urban ecosystem which aims to integrate human activities into natural systems by carrying out environmental policies to ensure their long-term sustainability. To achieve a sustainable urban ecosystem, MUSIX focuses on two overarching objectives which constitute the main categories of the indicator set, (1) ecological resilience of natural environment by preserving the ecosystem's stability through improving its resistance to tolerate the damage of human activities, and; (2) sustainable design of built environment towards eco-friendly architectural design and urban planning. In light of these objectives, MUSIX incorporates six main goals that aim to achieve a sustainable urban ecosystem, (1) hydrological conservation; (2) ecological protection; (3) environmental quality; (4) sustainable urban design; (5) the use of renewable resources, and; (6) sustainable mobility and accessibility. These sub-categories consist of 14 indicators, presented in Table 1 . Managing surface runoff; Reducing pollution, flooding, and erosion risks; Improving the green infrastructure, and; Protecting water and air quality.
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(2) Surface runoff À investigates the surface runoff rates of different land cover types.
Ecological protection Ecology (1) Urban habitat À investigates the environmental quality in the urban development by measuring the green area ratio.
Preserving existing biodiversity and natural ecosystems;
Protecting endangered and threatened species; Promoting urban green space network, and; Reducing urban heat island effect.
(2) Microclimate À investigates the urban heat island effect of impervious surfaces on the microclimate by measuring the albedo of surfaces.
Environmental quality Pollution (1) Stormwater pollution À investigates transport related stormwater runoff pollution.
Preserving community resources; Protecting the health of the community, and; Creating a more pleasant and better quality of life.
(2) Air pollution À investigates transport related air pollution.
(3) Noise pollution À investigates transport related noise pollution. Providing a safe and convenient environment for pedestrians.
(2) Access to public transport stops À investigates the accessibility of the site by public transport.
(3) Walkability À investigates the site accessibility by looking at the design of streets and pedestrian ways.
Indicator selection and data collection
The indicator set presented in Table 1 (Carraro et al. 2009 ), each indicator is expressed as a value between 1 and 5 indicating different levels of sustainable targets, (1) low (extremely unsustainable situation); (2) medium-low (not sustainable but not as severely as in the previous level); (3) medium (a discrete level of sustainability); (4) medium-high (satisfactory level of sustainability but not on target), and; (5) high (target level of sustainability).
Multivariate analysis
A statistical analysis was employed to examine the underlying structure of the data. First, a KolmogorovÀSmirnov test was performed to investigate the distribution of the indicator data-set. As a result of the non-normal distribution of the data-set, the Spearman's rank correlation analysis was conducted to examine the relationship between the indicators with reference to similar studies (e.g., Pinho and Manso Orgaz 2000; Raju, Lucien, and Arondel 2000; Saltelli et al. 2004; Dramstad et al. 2006; Schulman and Peters 2008; Can et al. 2011; Rinner and Hussain 2011) . The correlation between the indicator data-sets is presented in Appendix 2. A high correlation was found between 'evapotranspiration (ISR)' and 'surface runoff (SR)' (r D 0.734), 'stormwater pollution (SW)' and 'air pollution (AIR)' (r D 0.648), and 'proximity to land-use destinations (LUD)' and 'access to public transport (PT) stops' (r D 0.731) indicators. A correlation coefficient ratio 0.8 was taken as the benchmark value as suggested (Katz 1999; Lehman et al. 2005; Morien 2006; Christmann and Badgett 2009) . It needs to be mentioned that this analysis was conducted with normalized indicator values (between 1 and 5) which narrowed the range of data and resulted in a decrease in standard deviations and an increase in the correlation coefficients. Hence, it was expected to see a high correlation between the scores. Additionally, these indicators measure different variables by using different calculation methods. Based on the literature, these correlations can be interpreted as follows:
large amounts of impervious surfaces (ISR) are associated with increased SR; stormwater pollution (SW) is associated with air pollution (AIR), which means transport-related pollutants become washed off during a rainfall from paved surfaces by causing stormwater pollution; proximity to LUD is related with access to PT, which means sustainable mobility encourages PT by providing easier access and shorter times to get to the destination.
Spatial analysis
Spatial analysis of the study area was carried out through aerial remote sensing data with the use of ArcGIS software. From visual and digital interpretations of the aerial photo imagery derived from Google Maps, the total area of each land cover type within parcels was measured by using the ArcGIS Analysis tool. The land cover classification was based on nine main types: roof-building; pavement; driveway; cycleway; walkway; tree-shrub; water; turf-grass; and barren soil.
Weighting
For this study, expert opinion weighting was selected due to the spatial scale and scope of the research. MUSIX is developed to measure the local-level environmental performance of an urban area. In this sense, consultation of local experts' opinion helps to reflect the implications of the existing planning policies, local environmental issues and needs of the study area. Second, MUSIX is developed as an assessment tool to serve in the policymaking process. In this sense, the model results are highly benefited from the input from developers, planners, and policy makers that consist of the expert survey participants.
The results indicate that experts assigned 'energy conservation' as the most important indicator. The reason for this is the study area is located in a sub-tropical zone which faces high temperature and humidity all year round. In this climate, energy efficiency is critically important to avoid high energy use of air conditioning systems and reduce greenhouse gas emissions. Passive solar design is an advantage in hot and humid climates to minimize energy use. The results indicate that experts assigned 'noise pollution' as the least important indicator. The reason for this is that there is no commercial, transport, or construction noise problems at a level that adversely impacts on the quality of life of residents in the area. However, neighbourhood noise from residential premises, animals, air conditioners, loud music, or alarms might be an issue which cannot be detected during expert surveys. The results also showed that all indicators met the minimum required relevance rate of 3 and above, so that they were confirmed by experts as key components in sustainability assessment.
Aggregation
This step is composed of two different aggregation stages. First, an arithmetic aggregation was conducted. Additive aggregation is basically the arithmetic average of the weighted and normalized indicator scores. The composite index score was calculated by the following equation:
where CI is the composite indicator value, n is the number of indicators, w i is the weight for indicator i, and x i is the normalized indicator value. Second, a spatial aggregation was conducted. The study area was divided into 100 metre £ 100 metre grid cells and ArcGIS software was used to transfer parcel-scale aggregated composite index scores into grid cell scores. The aggregation of geographical data is widely used in the analysis of urban systems (Dur, Yigitcanlar, and Bunker 2014) . However, there are many challenges, such as the modifiable areal unit problem, which is a widely recognized spatial analytical issue that affects the results of such analyses due to the scale or zoning of the space (Paez and Scott 2004) . If the areal units are too small the results might not be meaningful, in contrast, if they are too big the results might not be accurate. Therefore, an interim scale is necessary in order to avoid detection issues. In order to investigate the sensitivity of the changes that occurred from different spatial scales, descriptive statistics of aggregated data were performed for 50, 100, and 150 metre grid cell sizes. Eventually, the 100-metre grid cell was selected as the spatial unit based on the acceptable results from the analysis (Dizdaroglu and Yigitcanlar 2014) . Each parcel's composite index score is multiplied by its area percentage within the grid cell and then summed into a single composite score for each grid cell. Finally, the composite index score was presented in five comparative sustainability levels: as suggested by Yigitcanlar et al. (2007) , low (0.00À1.00), medium-low (1.01À2.00), medium (2.01À3.00), medium-high (3.01À4.00), and high (4.01À5.00).
Sensitivity analysis
Each composite index is constructed by several subjective steps, which include the calculation method, selection of indicators, choice of aggregation, and weighting procedures that are associated with some uncertainties in the methodology. Therefore, it is necessary to analyse the sensitivity of the index by using alternative methodological assumptions. In this context, as the first part of the sensitivity analysis, alternative techniques were applied in the weighting and aggregation procedures, as follows: (1) equal weighting which provides the measurement of each indicator with the same degree of importance; (2) factor analysis which allows investigating a statistical relationship to determine the importance of each indicator, and; (3) geometric aggregation which allows investigating the correlation among the performance of the indicators. The composite index scores were calculated by using different combinations of alternative methodological techniques, as illustrated in Appendix 3. The calculation based on 'Expert Opinion Weighting and Geometric Aggregation', 'FA Weighting and Geometric Aggregation', and 'Expert Opinion Weighting and Geometric Aggregation' yield lower sustainability results compared to the MUSIX model results. Specifically, FA weighting with geometric aggregation performed negative differences in a couple of grid cells compared to other scenarios. The underlying reason for this difference depends on the fact that geometric aggregation uses multiplication to summarize data; hence, it performs lower scores than arithmetic aggregation. In order to assess the overall impact of these different methodological assumptions on the MUSIX model results, Spearman's rank correlation analysis was performed with reference to a number of similar studies (Groh, von Liechtenstein, and Lieser 2008; Groh and Wich 2009; Saisana 2010) . Due to the large data-set, the level of significance was set at 0.05 and a two-tailed test was chosen to identify the level of significant differences between the indicator data-set in either direction. The results revealed that the impact of any of these assumptions is negligible overall, as the correlations between the MUSIX model results and the others are greater than 0.9 ( Table 2) .
As the second part of the sensitivity analysis, the impact of an underlying indicator on overall outcome of the model was assessed through performing exclusion of one indicator at a time. The analysis was conducted via removing one indicator at a time and then recalculating a reduced model score (Table 3) . A low correlation between the MUSIX score and reduced model score implies that the model is highly sensitive to the exclusion of that indicator. The analysis revealed that the correlation between the MUSIX score and the reduced model scores are greater than 0.5, which reveals that the model is robust to small changes in the indicator set. In addition to parcel-scale information, the outcomes of this study are also presented at the grid cell scale to easily integrate parcel-scale model outputs with the different scale assessment tools in the local planning process. Composite index maps of the site are illustrated in Figure 3 .
The grid-based composite index score of the area is medium (2.01À3.00). The composite index score shows that the growing residential pressure in the area results in increased impervious surfaces (composite score: 2.16/sustainability performance: medium), which have significant impacts on the site hydrology through excessive SR rates (composite score: 2.34/sustainability performance: medium). In addition, the cardependent pattern of development in the area contributes to SR by creating more impervious surfaces thereby increases the risk of transporting pollutants into water resources (composite score: 3.90/sustainability performance: medium-high). An increase in the impervious surfaces also affects the ecology of the area by clearing natural vegetation (composite score: 1.23/sustainability performance: medium-low). The development patterns in the area create an environment that discourages pedestrian and bicycle travel (composite score: 1.46/sustainability performance: medium-low). As the area is highly dependent on motor vehicle use, there is limited accessibility by walking À 800m À to land-use destinations (composite score: 2.84/sustainability performance: medium). Lastly, the results indicate that climate responsive design strategies in terms of energy and water efficiency aspects are not common in the area (composite score: 2.57/ sustainability performance: medium).
Evaluation is a key component of the policy-making process. It is a means of determining the appropriateness, effectiveness, and efficiency of government policies and programs, and contributing to policy improvements and innovation (ACT 2010, 3 weaknesses, governments and policy makers can enhance the quality of services they provide. In light of the model findings, evaluation of existing policies can be categorized under the following headings.
Sustainable stormwater management
The sustainability performance score of 'Site Hydrology' category is medium (composite score is 2.25). Specifically, the large percentage of impervious surfaces (51%) due to high-density development lowers the rate of evapotranspiration (33%) in the area. Moreover, as a result of auto-dependent development, the area is largely covered by paved surfaces (e.g., asphalt, concrete) with increased rates of SR (52%). The results show that the type of development has adverse impacts on waterways, with stormwater pollution posing a major threat to waterway health. To guide stormwater management activities, the City Council prepared a Stormwater Quality Management Plan (GCCC 2015d) which is applicable to all types of land development and re-development. In this plan, the City Council adopted WSUD practices under the city's planning scheme to provide an integrated approach for SR management. Nevertheless, the results indicate that the implementation of these policies is not so successful in the area. Not all of the communities in the area are spending and investing in those strategies which have a range of social, environmental, and economic benefits. It is clear that the City Council should encourage individual landowners and community groups to install sustainable stormwater systems through a variety of regulations, educational, or incentive programs.
Sustainable ecosystem management
The sustainability performance score of 'Site Ecology' category is medium (composite score is 2.63). As most of the parcels have large amounts of impervious surfaces, the results demonstrate a very low green area ratio (11%) in the area. There are only a few large urban green spaces in the site; which unfortunately, are threatened by development pressure. The microclimate and thermal effect of the site is generally favourable (effective albedo is 24%) as parcels mostly have light-coloured roofs and surfaces related to the climatic conditions. The results show that the area is losing its native vegetation cover from increased impervious surfaces and canal construction. In response, the City Council proposed a Nature Conservation Assistance Program (GCCC 2015f) which provides financial assistance to individual landowners for on-ground restoration projects to protect wildlife habitat on private property. Furthermore, the rehabilitation of endangered and threatened species is protected through the Nature Conservation Strategy (GCCC 2015c). However, the results reveal that the community awareness of environmental issues in the area, as well as the policies to encourage the conservation of biodiversity, need to be enhanced. Additionally, the new developments should be built on previously developed, degraded, or brownfield sites that have no ecological value.
Environmental quality
The sustainability performance score of 'Site Pollution' category is medium-high (composite score is 4). The pilot site is located in the periphery of the city adjacent to the woodlands, hence the results represent a good picture of stormwater quality (0.09 mg/L), air quality (0.014 mg/m 3 ), and noise pollution level (36dBA). To promote environmental quality, the Queensland Government established two pollution prevention policies:
Environmental Protection (Water) Policy 2009 and Environmental Protection (Air) Policy 2008. Furthermore, Environmental Health and City Law Services provided an online lodgement system for reporting noise complaints. However, it has to be mentioned that the rest of the study area is mostly made up of human-made canals and waterfront dwellings that affect water quality. In this context, the natural hydrology of the water systems needs to be protected by reducing the construction of man-made water bodies. The results also show that there is growing stormwater pollution due to the high level of car dependency. Therefore, transport-related air pollution and emissions need to be reduced by promoting green transportation.
Climate responsive urban design
The sustainability performance score for the 'Site Design' category is medium-low (1.97). Climate responsive site design plays an important role in encouraging energy efficiency in subtropical regions like the study area (Kennedy 2010) . The City Council prepared Energy Conservation (Design for Climate) (GCCC 2015e) policy under the city's planning scheme to reduce greenhouse gas emissions arising from energy consumption, in accordance with the Kyoto Protocol and the Cities for Climate Protection program. The policy consists of passive solar design principles such as lot shape, building orientation, solar access, and so on. Unfortunately, most of the parcel layouts do not meet these principles. Due to high-density development, most of the parcels do not have gardens or green spaces; hence, the site presents very poor performance regarding subtropical landscape design (composite score: 1.60/sustainability performance: medium-low). The results show that the study area lacks green spaces. Therefore, eco-friendly landscape design needs to be integrated into the built environment in order to support local biodiversity by using endemic vegetation.
The use of renewable resources
The sustainability performance score for the 'Site Efficiency' category is medium (2.57). The results show that existing parcel layouts do not meet the principles of energy and water efficient designs, such as encouraging alternative sources, using sustainable roof and paving materials as well as water-saving systems. Most of the parcels do not use sustainable energy sources, such as solar panels. In response, the Australian Greenhouse Office, a Federal Government initiative, offers rebates for installing photovoltaic (PV) cells. The water conservation of the area is generally favourable, as the results indicate a high rate of rainwater tank usage (composite score: 3.00/sustainability performance: medium). Sustainable water initiatives taken by the government has certainly impacted on the behaviour of residents. For instance, the City Council offers free sustainable gardening workshops to promote water efficient gardening through composting, worm farming, plant grouping, and mulching. Moreover, the City Council established a watersaving tips brochure which is designed to make water conservation in homes and gardens.
Sustainable mobility and accessibility
The sustainability performance score for the 'Site Location' category is medium (2.43). The results indicate that the area has limited accessibility to land-use destinations by walking (Neighbourhood Destination Accessibility Index score: 51). Specifically, the northern part of the site has very limited accessibility to LUD by walking (street design is solely composed of pedestrian way, no cycleway, and buffer zone) as well as access to PT stops (628 meter). As a result of automobile oriented land-use patterns in the area, automobile dependency needs to be reduced by providing different transport modes and mixed-use neighbourhood centres. Moreover, PT needs to be encouraged in the area by providing efficient PT routes and times. In response, the Gold Coast City Transport Strategy 2031 (GCCC 2015g) aims to reduce car dependency by creating an integrated and sustainable transport system. Some of the initiatives in this plan involve: Gold Coast light rail, Council cab services assisting older people and those with disability, oncology patient transport, and car sharing.
Conclusion
By developing and testing MUSIX, this research validates that parcel-based spatial analysis can be used as an assessment tool for the local planning scheme to evaluate the sufficiency of existing policies. The model findings provide many advantages in guiding development of policies at local level. First, the model serves as a rating tool for evaluating the existing development by highlighting environmental opportunities and constraints in the area. Second, it serves as a design tool for assisting the environmental quality of future urban areas by setting standards for energy-efficient and climateresponsive residential parcel design. Third, it assists governments and planning institutions to monitor urban ecosystems by providing quantitative information on the impacts of development on the environment (Dizdaroglu and Yigitcanlar 2014) . MUSIX also assists different stakeholders by (1) helping master planned communities and developers to rate the sustainability of their development which can also be linked to other sustainability rating systems À such as BREEAM, LEED, Green Star, and CASBEE; (2) assisting local governments to detect environmentally problematic areas in the existing settlements, thereby; this information can be used to improve the future development of infrastructure and services, and; (3) increasing the awareness of individual residents on the environmental issues and the model findings can be used by them to make sustainable improvements in their residential parcels.
On the other hand, MUSIX has limitations. The main limitation of this research was the lack of reliable data during the indicator selection. At the beginning of the study, a comprehensive list of indicators was developed. However, the indicators which are related to socio-economic structure (e.g., household density, income, education, family size, immigration status) were excluded due to problems with individual or household level data collection and privacy issues. As a further research direction, a postdoc research will be carried out to examine the impacts of socio-economic structure of the urban ecosystem on sustainability. The indicators were selected by considering data availability of the Gold Coast area. The same indicator list can be adapted and applied by other local authorities within the greater region. To implement this methodology in different local areas, the indicator-base of the model needs to be customized in relation to the land use and environmental characteristics and parcel-scale data coverage. Furthermore, some challenges occurred during land cover detection through aerial remote sensing data. Because of poor data resolution, weather conditions or shadowing issues, the images were not detectable for some residential areas, hence; some practical and time-efficient solutions were implemented for the success of the study. Lastly, the size of the parcels in the area range from 500 to 2,000 m 2 . For any parcels larger than this size, such as schools or retail centres, it needs to be taken into consideration that the parcel-scale might cause loss of detail. In such cases, an alternative approach should be considered.
As an extension of this research, by integrating with the social and economic aspects of sustainability, the model can be further developed to measure the sustainability performance of other local contexts. For instance, at the local level, household surveys provide valuable insights into how the existing environmental policies respond to their own needs and use of resources. Additionally, possible directions for the future design and application of MUSIX could be combined with a new module for evaluating development scenario alternatives. By producing accessible, easily combined parcelbased data, the model findings can support planners and managers in the decision-making process, including the following benefits: (1) providing information to compare during the evaluation of proposed development projects or plans; (2) helping practitioners to choose the most appropriate plan to accomplish sustainability goals; (3) providing collaboration between different government bodies that are needed to ensure the creation of sustainable urban ecosystems. 
